Study the state of glycosylation. From the results presented here it can be concluded that glycosylation plays an important role in promoting correct folding during synthesis of the protein, enhancing protein stability and/or correct targeting of the receptor.
Introduction
Crystallization remains a major challenge in structural biology of membrane proteins [ 13. Originally, and until recently, crystallizations of such proteins were performed from detergent solutions [Z-41. The proteins form mixed micelles with the detergents, and the latter surround the hydrophobic membrane core with a hydrophilic belt [ 5 ] . Crystallization from micellar phases, which represent a small fraction in the multidimensional phase space of detergents, lipids, membrane protein and water, have yielded only a few high-resolution structures of membrane proteins to date [4,6]. We have, therefore, initiated a project aimed at exploring the feasibility of other phases that mimic membrane structure for this purpose [7] . Lipidic cubic phases, which are materials composed of lipid and water, exhibit an intriguing combination of properties: ma&oscopically, they are transparent, non-birefringent and highly viscous gels; microscopically, they are arranged in crystallographically well-ordered curved bilayers interwoven by aqueous channels [8] that allow lateral diffusion in the bilayer and diffusion in the aqueous channels [9, 10] . The cubic phases were found to be compatible with rather high concentrations of proteins and additives used for crystallization [ll] . On the basis of these properties, we have recently crystallized the membrane protein bacteriorhodopsin, a photon-driven proton pump, in two different lipid matrices which form bicontinuous cubic phases [7, 8] . Subsequently, the high resolution structure of bacteriorhodopsin was elucidated from hexagonal microcrystals grown in mono-olein cubic phases [12] .
The mono-olein-based gel material surrounding the crystals has several practical advantages: (i) it immobilizes the crystals, providing a stably hydrated lipidic microenvironment; (ii) it serves as a matrix that protects the crystals from mechanical damage; (iii) owing to the large number of glyceride headgroups, it acts as an efficient cryoprotectant during X-ray diffraction at very low temperatures; (iv) its transparency allows the use of a variety of spectroscopic techniques. For certain applications, though, the availability of free-standing, single crystals might be necessary. Because the mechanical removal of the adhesive lipid matrix is impractical (due to damage to the delicate microcrystals) we adopted a biochemical solution to release the crystals from their host matrix. We have applied an enzymic ester hydrolysis of mono-olein using a lipase that gently converts the lipidic mesophase into its fluid reaction products that then phase-separate [ 131. Crystals devoid of adhering cubic phase can then be manipulated mechanically. phosphate salts were from Merck; octylglucoside was from Alexis, Switzerland. Purple membrane isolated from strain S9 was a gift from G. Buldt (Julich, Germany). Bacteriorhodopsin was purified and crystallized in a mono-olein matrix as described previously [7, 8] , the composition of which corresponds to a cubic phase, based on the phase diagram [14] . The entire crystallization sample (approx. lOp1) was subjected to a lipase treatment by incubating with an equal Volume 26
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Expressing Membrane Proteins for Study washed with pure water. A small number of bacteriorhodopsin crystals were released into the aqueous medium and were collected. Repeated washing with saturated Na/K phosphate buffer yielded further crystals devoid of cubic phase. Subsequently, the reaction products oleic acid and glycerol were separated by a brief centrifugation step in a benchtop centrifuge, yielding bacteriorhodopsin crystals mainly at the oiVwater interface. In order to remove residual lipid and lipase, individual reaction products phase separated into two transparent non-miscible liquid phases, as shown by the curved menisci (Figure lb) . Bacteriorhodopsin crystals, present in the cubic phase (Figure Z) , were released gently by the same procedure. Usually a few free-floating bacteriorhodopsin crystals could be removed from the preparation at this stage. After subsequent centrifugation, many crystals were found at the waterloil interface. These crystals could be subjected to a second lipase treatment or rinsed in order to remove adhering oleic acid droplets and lipase. The entire procedure recovered most of the immobilized bacteriorhodopsin crystals from the cubic phase. As judged from the hexagonal shape and the purple colour of the bacteriorhodopsin crystals no damage occurred even after repeated or week-long lipase incubation. Moreover, single bacteriorhodopsin crystals thus released were stable in aqueous drops for many hours. They could be micromanipulated with the appropriate tools ( Figure 3) ; for example, they could be placed at different locations, oriented at will and placed on a loop for X-ray diffraction experiments. Conversely, mechanical cleaning frequently caused bending and rupture of the protein crystals (Figure 4) .
Results and discussion
Because the packing of bacteriorhodopsin in the crystallographic ab plane of the three-dimensional crystals [ 121 is virtually identical to that in the native two-dimensional purple patches [16] it is expected that purple membrane lipids exist in the crystal. Contrary to most membrane lipids, which are ester lipids, these are ether lipids [17] that are protected from lipase ester hydrolysis; this may explain the stability of the crystals upon lipase treatment. As the crystals did not deteriorate, we conclude that either mono-olein is not present in bacteriorhodopsin crystals or that the mono-olein that is present in the crystals is not accessible to lipase activity. We are currently assessing the lipid composition in such crystals by mass spectroscopy.
Conclusions
We have released bacteriorhodopsin crystals from their surrounding mono-olein cubic phase by enzymic lipid hydrolysis. The crystals retain their initial form and colour, indicating their stability during this treatment. This method is more gentle than mechanical removal of the cubic phase and allows the crystals to be manipulated in a manner analogous to that of crystals grown in solution. Compared with matrix embedded crystals, the simple and easy handling of single free-standing crystals poses many advantages, among which the following are the most obvious:
(1) ease of collecting single crystals with a loop for X-ray diffraction experiments; this avoids bending caused by squeezing the stiff cubic phase and possibly enhances diffraction quality; (2) possibility of orienting single crystals in three-dimensional space using micro-tools;
Figure 4
Two bacteriorhodopsin crystals damaged during mechanical cleaning with a needle
The lower right crystal lost a segment and the upper left was torn apart. 
